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(54) Switching power supply 

(57) A switching power supply has first and second 
switching elements ({Qi.Qz) that are alternately turned 
on to cause an alternating current to f tow through a pri- 
mary winding (N^) of a transformer. The alternating cur- 
rent ftowing through the primary winding (Ni) induces 
voltages respectively across first and second secondary 
windings of the transformer (N^.N^). Synchronous recti- 
fying transistors (03,04) are turned on by the voltages 
induced aaoss the first and second secondary wind- 
ings (Na.Njj), causing a current to ftow alternately 
through the first and second secondary windings 
(Na.Nb). Either one of the first and second switching ele- 

FIG. 



ments (0^02) is turned on while the other is being 
turned off, except for short off-times in which both the 
first artd second switching elements (Q1.Q2) are pre- 
verrted from being turned on. As a result, when currents 
flow through the first and second secondary windings 
(Qa-Ob), the synchronous rectifying transistors (Q3.Q4) 
are turned on. Therefore, no current flows through inter- 
nal parasitic diodes of the synchronous rectifying tran- 
sistors (Q3.Q4). and hence any loss caused thereby is 
very small. 
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Description 

BACKGROUND OF THE INVENTION 
Reld of the Inventlon: 

[0001] The present invention relates to a switching 
power supply which Is highly eff icierrt in operation. 

Description of the Related Art: 

[0002] FIGs. 1 and 2 of the accompanying drawings 
show conventional switching power supplies. The con- 
ventional switching power supply shown in FIG. 1 is of 
the general forward type. For making a highly efficient 
switching power supply, particularly a switching power 
supply with a low-voltage (e.g.. 5 V or 3.3 V), high-cur- 
rent output capability, using the circuit shown in FIG. 1, 
since rectifying diodes Dioi , D102 connected to the sec- 
ondary winding N12 of a transformer T101 cause a large 
power loss, it is often customary to employ synchronous 
rectifying MOSFETs in place of the rectifying diodes 
D101. D102- It is of importance to consider how these 
synchronous rectifying MOSFETs (also referred to as 
synchronous rectifying transistors) are to be driven to 
achieve a highly eff icierrt switching power supply. 
[0003] The conventional switching power supply 
shown In FIG. 2 employs synchronous rectifying transis- 
tors Q102. Q103 instead of the rectifying diodes. 
[0004] The conventional switching power supply 
shown in FIG. 1 which employs the rectifying diodes suf- 
fers the same problems as those of the conventional 
switching power supply shown in FIG. 2 which employs 
the synchronous rectifying transistors, except that the 
synchronous rectifying transistors are driven in the con- 
ventional switching power supply shown in FIG. 2. 
Therefore, the conventional switching power supply 
shown In FIG. 2 will be described below. 
[0005] FIG. 3 of the accompanying drawings shows 
the waveforms of voltages and currents in various f>arts 
of the conventional switching power supply shown in 
FIG. 2. FIG. 4 of the accompanying drawings shows an 
output voltage of the conventional switching power sup- 
ply shown in FIG 2 with respect to a duty cyde (the ratio 
of an on-time to an operating period of a switching ele- 
ment Q101) thereof. 

[0006] In FIG. 3, T^ represents an operating period of 
the switching element Q101 . Tqni represents an on-time 
thereof, and Tqai , Toff2 represent an off-time thereof. 
[0007] Vg^(Qioi). Id(Qioi). and Vdg(Qioi) represent a 
gate voltage, a drain cunrent, and a drain-to-source volt- 
age, respectively, of the switching element Q101, and 
V(Nii) represents a voltage across the primary winding 
hiu of the transformer T^oi- 

[0008] Of the voltage V(Ni , ) across the primary wind- 
ing of the transformer T101. a voltage V(hi) in the off- 
time Totti of the switching element Q101 is generated to 
reset the transformer T^oi after it has been excited in 
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the on-time Tq^i of the switching element Q101- The 
voltage V(hi) is generated such that an integral of the 
voltage with respect to time in the on-time will be equal 
to an integral of the voltage with respect to time in the 
5 off-time. 

[0009] The waveform of the voltage V(Ni 1) in the off- 
time Jqui is determined depending on the magnetizing 
inductance and the capacitance between output termi- 
nals of the switching element Q101 ■ When the voltage of 
10 an input power supply Vjn and an output current sup- 
plied to a load vary, the duty cyde of the switching ele- 
ment Q101 varies to keep the output voltage constant, 
and the voltage V(hi) and the off-times Tonv '^on2 also 
vary 

15 [001 0] In order to reset the transformer T^qi off- 
time Toffi by exactiy tiie same quantity as it has been 
excited in the on-time Tqimi under any input and output 
conditions, it Is necessary to suff idenlly provide the off- 
time T(,tf2 in which no voltage is induced across the pri- 

20 mary winding ^ , after tiie resetting of the transformer 
T101 . As described later on, the need to increase the off- 
time Toft2 poses a serious problem. 
[0011] In FIG. 3, Vds(Qio2) represents a drain- 
tosource voltage of the synchronous rectifying transistor 
Q102. and V(js (Q103) represents a drain - to - source 
voltage of the synchronous rectifying transistor Qio3- 
These voltages are voltages converted from the voltage 
V{Nii). in tiie respective off- and on-times T^ffi Tqni. 
across the primary vending of the transfbmrier T101 

30 wnth the turns ratio of the primary and secondary wind- 
ings of the transformer Tioi- 
[0012] One major problem encountered in making a 
highly effident switching power supply using the drcuit 
shown in FIG. 2 is that since the drain-to-source voltage 

^ V(js(Qio2) of the synchronous rectifying transistor Q^q^ 
is large as shown in FIG. 3, the synchronous rectifying 
transistor 0^02 has a large on-state resistance and 
causes a large power loss, resulting in a reduction in the 
switching power supply effidency. 

40 [0013] Specif ically. though the synchronous rectifying 
transistor Q^oa should have a smaller on-state resist- 
ance for higher switching power supply efficiency, MOS- 
FETs have such a general tendency ttiat their on-state 
resistance is higher as the drain-source breakdown volt- 

45 age is higher. 

[001 4] The voltage V(Ni 1 ) in the off-time Toffi across 
the primary winding , of the transformer T101 is of a 
sine wave because it resonates witii the magnetizing 
inductance and the capacitance between the drain and 

50 source of the switching element Q101. and hence has a 
large maximum level. Furthermore, since the voltage 
V(Nii) varies greatly depending on the input arxl output 
conditions, the synchronous rectifying transistor Q^oa "S 
required to have a large dielectric strength between the 

55 drain and source tiiereof and hence a large on-state 
resistance. 

[001 5] The above problem holds true for the conven- 
tional switching power supply shown in FIG. 1 where tiie 
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rectifying dicxle Dioi "S used in place of the synchro- 
nous rectifying transistor Q^oa- 

[0016} The problenn of the dielectric strength of the 
synchronous rectifying transistor Q102 is also the prob- 
lem of the dielectric strength of the switching element 
Q101- One conventional way of limiting the dielectric 
strength to a certain voltage is to use a damping circu'rt, 
which comprises a diode, a capacitors and a resistor, 
between the terminals of the primary winding ^ of the 
transformer Tioi- Though the clamping circuit is capa- 
ble of clamping the voltage to a certain level, however, 
the efficiency is lowered because the magnetisation 
energy of the transformer T^oi is consumed by the 
resistance of the clarrping circuit. According to another 
conventional way of clamping the voltage, a tertiary 
winding is added to the transformer T101. and con- 
nected to the input power supply Vj^ via a diode, thus 
providing a damping circuit. 

[0017] With the latter conventional damping circuit 
most of the exdtation energy of the transformer T^Q■^ 
flows to the input power supply Vjn- When this curent 
flows through the diode of the damping circuit, the 
diode develops a voltage drop which causes a power 
consumption resulting in a reduction in the efficiency. In 
addition, the transformer T^oi is large in size and com- 
plex in structure because of the added tertiary winding, 
and the tertiary winding suffers an increased conduction 
loss. 

[001 8] Another drawback which results from making a 
highly effident switching power supply using the drcuit 
shown in FIG. 2 is that because of the off-time Toff2 
shown in FIG. 3, the syrtchronous rectifying transistor 
Q103 cannot be energized for the entire period in which 
the switching element Q101 is turned off, resulting in a 
reduction in the switching power supply efficiency. This 
drawback is inherent in using synchronous rectifying 
transistors, and is the most serious in the manufacture 
of highly efficient switching power supplies. In the on- 
time Tqni of the switching element Q101. the synchro- 
nous rectifying transistor 6103 is turned off arKl the syn- 
chronous rectifying transistor Qto2 is turned on. and a 
current through a choke coil L10 flows through the syn- 
chronous rectifying transistor Qio2- off-time Tqhi 
of the switching element Q101. the synchronous rectify- 
ing transistor 0^02 is turned off and the synchronous 
rectifying transistor Q^qs is turned on, and a current 
through a choke coil L10 ftows through the synchronous 
rectifying transistor Qio3- 

[0019] The gate terminals of the synchronous rectify- 
ing transistors Q102. Qios a"*® energized by the voltage 
across the secorxlary winding N12 of the transformer 
T-101- When one of the synchronous rectifying transis- 
tors Q102, Q103 is turned on. the gate voltage thereof 
comes from the drain-to-source voHage of the other 
synchronous rectifying transistor which is turned off. 
[0020] The switching element Q101 has the off -times 
Tqhi. Toij2- As can be seen from FIG. 3. since the drain- 
to-source voltage V<^(Qio2) of the synchronous rectify- 



ing transistor Q^q2 a certain level in the off -time 
Tom, tine synchronous rectifying transistor Q103 can be 
energized in the off-time T^ff^. However, in the off-time 
ToH2. f^^e synchronous rectifying transistor Q103 cannot 

5 be energized because the drain-to-source voltage 
V(js(QiQ2) is nil. Therefore, the synchronous rectifying 
transistor Q^cxs is turned off in the off-time Tottz- During 
this time, a current through the choke coil L^q flows 
through a body diode of the synchronous rectifying tran- 

w sistor Q103, i.e.. a parasitic diode inserted from the 
source terminal to the drain terminal thereof because of 
the MOSFET structure. Inasmuch as a voltage drop 
across the body diode is much greater than a vottage 
drop caused when the synchronous rectifying transistor 

15 Qio3 *s turned on, the power loss in the off-time Totf2 is 
increased, reducing the switching power supply effi- 
dency. 

[0021 ] Still another shortcoming is that the choke coil 
of the output filter Is large because an output ripple voft- 

20 age is high. Stated othenvise, if a chck:k coil of a certain 
size is used to keep the output ripple voltage to a pre- 
scribed level, then the iron loss and copper loss of the 
chock coil are increased, indirectly lowering the effi- 
dency of the switching power supply. 

25 [0022] In FIG. 3, the drain-to-source voltage Vds(Qio3) 
of the synchronous rectifying transistor Q103 is the 
same as a vottage V{P) at a poirrt P shown in FIG. 2. 
The voltage V(P) is averaged by an output filter, which 
comprises the chioke coil L^o and a capacitor C-iq, into 

30 an output voltage free of alternating cun-ent conpo- 
nents. The output voltage Voyt is indicated in relation to 
the drain-to-source voltage VdsCQios) i" f^'G- 3- ""le 
drain-to-source voltage Vc{s(Qio3) and the output volt- 
age Vpu, across the capacitor C10 are applied respec- 

35 tively to the terminals of the choke coil L^o- The 
difference between the drain-to-source voltage V^s 
(Q103) and the output voltage Vout determines a ripple 
current l(Lio) flowing through the choke coil L^o- l^e 
product of the ripple current \{L^o) and the equivalent 

40 series resistance of the capacitor C10 approximately 
determines the value of an output ripple voltage. 
[0023] FIG. 4 shows an output voltage of the conven- 
tional switching power supply shown in FIG. 2 with 
respect to a duty cycle thereof, as described above. As 

45 can be understood from FIG. 4. since the output voltage 
is proportional to the duty cycle, the duty cycle is set to 
nearly 0.5 generally when the input and output condi- 
. tions are rated conditions. According to the waveform of 
the drain-to-source voltage V(js(Qio3), the ratio of the 

50 period in which the drain-to-source voltage Vd3(Q^o3) is 
nil. i.e., the sum of the off-times Toj^ Tofg. to the entire 
time. i.e.. the operating period T,, is about 50 %, so that 
the output ripple voltage is targe. Stated otherwise, if a 
chock cdl of a certain size is used to keep the output 

55 ripple voltage to a prescribed level, then the iron loss 
and copper loss of the chock coil are increased, indi- 
rectiy lowering the efficiency of the switching power sup- 
ply. 
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[0024] As described above, when a highly eff'cient 
switching power supply is to be constructed using the 
circuit shewn In FIG. 2, the rectifying elements of the 
rectifying circuit connected to the secorxlary winding of 
the transformer cause a large power loss, and it is 
important to consider hew the power loss can be 
reduced. Recently, efforts have been made to use syn- 
chronous rectifying transistors in place of the rectifying 
elements for thereby reducing their conduction loss. It is 
also important to pay attention to effective energization 
of the synchronous rectifying transistors. 

SUMMARY OF THE INVENTION 

[0025] It is an object of the present invention to pro- 
vide a switching power supply which employs rectifying 
elements of low dielectric strength that suffer a relatively 
small power loss, and allows synchronous rectifying 
transistors used as such rectifying elements to be ener- 
gized for an entire period, so that the switching power 
supply can operate highly efficiently. 
[0026] According to an aspect of the present inven- 
tion, there is provided a power supply circuit comprising 
first and second choke coils, first an6 second capaci- 
tors, first and second switching elements each compris- 
tng a MOSFET, first and second synchronous rectifying 
transistors each comprising a MOSFET, a transformer 
having a primary winding and first and second second- 
ary windings which are magnetically coupled to the pri- 
mary winding, the first and second switching elements 
being connected in series with each other at a junction, 
jointty making up a series-connected circuit the prinnary 
winding and the first choke coil having respective termi- 
nals connected to the junction between the first arxi 
second switching elements, the first and second capac- 
itors being connected in series with each other at a 
junction, jointly making up a series-connected circuit 
the primary wrinding having another terminal connected 
to the junction between the first and second capacitors, 
the series-connected circuit of the first and second 
switching elements and the series-connected circuit of 
the first and second capacitors being connected parallel 
to each other, jointly making up a parallel-connected dr- 
curt, and a power supply for applying a voltage between 
a terminal of the parallel -connected circuit and another 
terminal of the first choke coil, the arrangement being 
such that when the first and secorKi switching elements 
are alternately turned on, an alternating current flows 
through the primary winding to induce alternating-cur- 
rent vottages respectively across the first and second 
secondary windings for thereby alternately turning on 
the first and second synchronous rectifying transistors 
to cause a current to flow alternatively through the first 
and second secorxiary windings for supplying a current 
to the second choke coil. 

[0027] According to another aspect of the present 
invention, there is also provided a power suppty circuit 
comprising first and second choke coils, first and sec- 



ond capacitors, first and second switching elements 
each comprising a MOSFET. first and second synchro- 
nous rectifying transistors each comprising a MOSFET, 
a transformer having a primary winding arxl first and 

5 second secondary windings which are magnetically 
coupled to the primary winding, the first and second 
switching elements being connected in series with each 
other at a junction, jointly making up a series-connected 
circuit, the prinnary winding and the first choke coil hav- 

10 ing respective terminals connected to the junction 
between the first and second switching elements, the 
second capacitor being connected parallel to the series- 
connected circuit of the first and second switching ele- 
ments, jointly making up a parallel-connected circuit, 

15 the parallel-connected circuit having a terminal con- 
nected by the first capacitor to another terminal of the 
prinnary vtnnding. and a power supply for applying a volt- 
age between a junction between the parallel-connected 
circuit and the first capacitor, and another terminal of 

20 the first choke coil, the arrangement being such that 
when the first and second switching elements are alter- 
nately turned on. an alternating cunent flows through 
the primary winding to induce alternating-currait volt- 
ages respectively across the first and second second- 

25 ary windings for thereby alternately turning on the first 
and second synchronous rectifying transistors to cause 
a current to flow alternatively through the first and sec- 
ond secondary windings for supplying a current to the 
second choke coil. 

30 [0028] According to still another aspect of the present 
invention, there is further provided a power supply cir- 
cuit comprising first and second choke coils, first and 
second capacitors, first ana second switching elements 
each comprising a MOSFET, first and second synchro- 

35 nous rectifying transistors each comprising a MOSFET, 
a transformer having a primary wirxiing. first and sec- 
ond secorxJary windings which are magnetically cou- 
pled to the primary winding, arxl a tertiary winding 
which is magnetically coupled to the prinnary winding 

40 and the first and second secondary windings, the pri- 
mary winding and the first capacitor t>eing connected in 
series with each other, jointly making up a series-con- 
nected circuit, the first switching element being con- 
nected parallel to the series-connected circuit of the 

45 primary winding and the first capacitor, jointly making up 
a parallel-connected circuit the parallel-connected cir- 
cuit having a terminal connected to a terminal of the first 
choke coil, and a power supply for applying a voltage 
between another terminal of the parallel-connected cir- 

50 cuit and another terminal of the first choke coil, the terti- 
ary winding and the second capacitor being connected 
in series with each other, jointly nuking up a series-con- 
nected circuit the second switching element being con- 
nected parallel to the series-connected circuit of the 

55 tertiary wirtding and the second capacitor, the arrange- 
ment being such that when the first and second switch- 
ing elements are alternately turned on. an alternating 
current flows through the primary winding to induce 
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alternating-current voltages respectively across the first 
and second secondary windings for thereby alternately 
turning on the first and second synchronous rectifying 
transistors to cause a current to flow alternatively 
through the first and second secondary windings for 5 
supplying a current to the second choke coll. 
[0029] In each of the atx3ve power supply circuits, the 
first and second secondary windings have respective 
terminals connected to each other at a junction, the sec- 
ond choke coil having a terminal connected to the junc- 10 
tion between the first and second secondary windings, 
and the first arxi second secondary wirKfings have 
respective other terminals connected to each other by 
the first or second syrtchronous rectifying transistor at a 
junction, with an output voftage being extracted is 
between the junction between the other terminals of the 
first and second secondary windings and another termi- 
nal of the second choke coil, the arrangement being 
such that a voltage at the other terminal of the second 
secondary winding is applied to a gate terminal of one 20 
of the first and second synchronous rectifying transis- 
tors which is connected to the first secondary winding, 
and a voltage at the other terminal of the first secondary 
winding is applied to a gate terminal of one of the first 
and second synchronous rectifying transistors which is 25 
connected to the second secondary winding. 
[0030] Either one of the first and secortd switching ele- 
ments is turned on for an on-time except for a relatively 
short off-time in which both of the first and second 
switching elements are prevented from being turned on 30 
at the same time, the on-time being variat)le to keep 
constant the output voltage extracted from the second 
choke coil. 

[0031 ] The power supply circuit further comprises an 
output capacitor for smoothing the output voltage. 35 
[0032] The above and other objects, features, artd 
advantages of the present invention will become more 
apparent from the following description when taken in 
conjunction with the accompanying drawirrgs in which 
prefen-ed embodiments of the present invention are 40 
shown by way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] 45 

FIG. 1 is a circuit diagram of a conventional switch- 
ing power supply; 

FIG. 2 is a circuit diagram of another conventional 
switching power supply; so 
FIG. 3 is a diagram showing the waveforms of volt- 
ages and currents in various parts of the conven- 
tional switching power supply shown In FIG. 2; 
FIG. 4 is a diagram showing an output voltage of 
the conventional switching power supply shown in ss 
FIG. 2 with respect to a duty cycle (the ratio of on- 
time to operating period of a switching element 
Q101) thereof; 



FIG. 5 is a circuit diagram of a switching power sup- 
ply according to a first embodiment of the present 
invention; 

FIG. 6 is a circuit diagram showing a current path in 
the swrtching power supply according to the first 
embodiment of the present invention; 
FIG. 7 is a circuit diagram showing another current 
path in the switching power supply according to the 
first emtodiment of the present invention; 
FIG. 8 is a circuit diagram showing other current 
paths in the switching power supply according to 
the first ennbodiment of the present invention; 
FIG. 9 is a circuit diagram showing other current 
paths in the switching power supply according to 
the first embodiment of the present invention; 
FIG. 10 is a diagram showing the waveforms of volt- 
ages and currents in various parts of the switching 
power supply according to the first embodiment of 
the present inverrtion; 

FIG. 11 is a diagram showing an output voltage of 
the switching power supply according to the first 
embodiment of the present invention with respect to 
a duty cycle (the ratio of on-time to operating period 
of a switching element Q^) thereof; 
FIGs. 12a through 12c are circuit diagrams illustra- 
tive of the manner in which the switching power 
supply according to the first embodiment of tiie 
present invention operates; 
FIG. 13 is a circuit diagram illustrative of another 
process of driving synchronous rectifying MOS- 
FETs; 

FIG. 14 is a circu'rt diagram of a switching power 
supply according to a second embodiment of the 
present invention; 

FIGs. 15a and 15b are circuit diagrams illustrative 
of the manner in which tiie switching power supply 
according to the second ennbodiment of the present 
invention operates; 

FIG. 16 is a circuit diagram of a swrtching power 
supply according to a third embodiment of tiie 
present invention; 

FIG. 1 7 is a circuit diagram showing a current path 

in the switching power supply according to the third 

embodiment of the present invention; 

FIG. 18 is a circuit diagram showing currerrt paths 

in the switching power supply according to the third 

emtxxJiment of the present invention; and 

FIG. 19 is a circuit diagram showing current paths 

in the switching power supply according to the third 

embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0034] As shown in FIG. 5, a switchiing power supply 
according to a first embodiment of the present invention 
has an input power supply Vj^, a pair of input terminals 
2a, 2tj, a first choke coil a pair of first and second 
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swrtching elements Q-i, Qg. a pair of first and second 
capacitors Ci. C2. a transformer T having a primary 
winding Ni and a pair of first and second secondary 
windings N^, Nt>, a pair of first and second synchronous 
rectifying .transistors Q3, Q4. an output filter comprising 
a second choke coil L2 and an output capacitor Cout. a 
pair of output terminals 16^. 16^, a load 17. and a con- 
trol circuit 1 8^ 

[0035] The parts connected to the primary winding 
of the transformer T will be described in detail below. 
The input power supply V^n has a positive terminal con- 
nected to the input terminal 2a and a negative terminal 
' connected to the input terminal 2^ which is kept at 
ground potential. 

[0036] Each of the first and second switching ele- 
ments Qi, Q2 comprises an n-channel MOSFET. The 
first switching element Q-i has a drain terminal con- 
nected to the source terminal oif the second switching 
element Q2 and a source terminal connected to ground. 
The first and second switching elements Qi, Q2 jointly 
make up a series-connected circuit 41. Diodes which 
are shown connected respectively across the first and 
second switching elements Qi , Q2 are parasitic diodes 
in their MOSFETs. 

[0037] The f irst and second capacitors Ci , C2 are con- 
nected in series with other and jointly make up a series- 
connected circuit 42 which has a terminal connected to 
the drain terrhinal of the second switching element Q2 
and an opposite terminal connected to ground. The 
series-connected circuit 42 is connected parallel to the 
series-connected circuit 41 . jointly making up a parallel- 
connected circuit 43. 

[0038] . The first choke coil has a terminal connected 
to the input terminal 2a connected to the positive termi- 
nal of the input power supply Vjn. The other ternninal of 
the first choke coil L-t is connected to the junction 
between the first and second switching elements Q-t , 
Q2. . 

[0039] The junction between the first and second 
switching elements O1, Q2 is connected to a terminal of 
the primary winding N-t of the transformer T The other 
terminal of the primary winding is connected to the 
junction between the first and second capacitors C-|, C2. 
[0040] The parts connected to the first and second 
secondary windings N^, of the transformer T will be 
described in detail below. Each of the first arxl second 
synchronous rectifying transistors Q3, Q4 comprises an 
n-channel MOSFET. The first and second secondary 
windings Ng, have terminals connected to each other 
and other terminals connected to the gate terminals of 
the first ansi second synchronous rectifying transistors 
Qs^ Q4. The jurx:tion between the first secondary wind- 
ing. Na and the gate terminal of the first synchronous 
rectifying transistor Q3 is connected to the drain termi- 
nal of the second synchronous rectifying transistor Q4. 
Similarly, the jurxjtion between the second secorxJary 
winding and the gate terminal of the second syn- 
chronous rectifying transistor Q4 is connected to the 



drain terminal of the first synchronous rectifying transis- 
tor Q3. 

[0041 ] The first and second synchronous rectifying 
transistors Q3, Q4 have respective source terminals 

5 connected to each other, and the output terminal 16b 
which is held at ground potential is connected to the 
junction between the source terminals of the first and 
second synchronous rectifying transistors Q3. Q4. 
[0042] The first and second secondary windings N^. 

10 Nt> are magnetically coupled to the primary winding 
of the transformer T The terminal of the primary winding 
which is connected to the first and second switching 
elements Q-t, Q2 is of the same polarity as that of the 
terminal of the first secondary winding Ng which is con- 

15 nected to the second synchronous rectifying transistor 
Q4, and also of the same polarity as that of the terminal 
of the second secondary winding which is connected 
to the first secondary winding Nq. 
[0043] The junction between the first and second sec- 

20 ondary windings N^, Mb is connected to a terminal of the 
second choke coil L2. whose other terminal is con- 
nected to the output terminal 16a which is kept at a pos- 
itive potential. 

[0044] The output capacitor Cout is connected 

25 between the output terminals 16a. The load 17 is 
also connected between the output terminals 16a, 
parallel to the output capacitor Cout- 
[0045] After a voltage from the input power supply V^n 
is applied, when the first swrtching element Q-i is turned 

30 on with the second switchirig element Q2 being turned 
off, a current flows along a path indicated by J-j in FIG. 
6. storing energy in the first choke coil Li . 
[0046] Then, when the first switching element Q-i is 
turned off and the secorKi switching element Q2 is 

35 turned on, an electromotive force is induced across the 
choke coil Li by the energy stored in the choke coil L), 
rendering the second switching element Q2 conductive 
in the reverse direction. A cun-ent flows in a path indi- 
cated by J2 in FIG. 7 from the source terminal to the 

40 drain terminal of the second swrtching element Q2. 
charging the first and second capacitors Ci. C2- 
[0047] The state in which the first and second capac- 
itors C-i. C2 are charged is referred to as a steady state. 
When the first switching element Qi is turned off and 

45 the second switching element Q2 is turned on in the 
steady state, the second capacitor C2 is discharged, 
causing a current to flow from the drain terminal of the 
second switching element Q2 to the source terminal 
thereof to the primary winding along a path indicated 

50 by J3 in FIG. 8. 

[0048] When the first switching element Q-, is turned 
on and the second switching element Q2 is turned off in 
the steady state, the first capacitor C-t is discharged, 
causing a current to flow from the drain terminal of the 

55 first switching element to the source terminal thereof 
to the primary winding along a path indicated by J4 in 
FIG. 9. At this time, the current flows through the pri- 
mary winding in the direction opposite to the direc- 
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tion in which it flows when the second switching element 
Q2 is turned on. 

[0049] Operation of the switching power supply shown 
in FIG. 5 in the steady state will be described below with 
reference to FIG. 10. 

[0050] In FIG. 10, T31 represents an operating period 
of the switching elements, Tqnsi represents an on-time 
of the first switching element , T0N32 represents an 
on-time of the second switching element Q2. and Tg^jgi, 
Toff32 represent off -times in which both the first and sec- 
ond switching elements Qi , Q2 are turned off. The off- 
times Totf3i. Tof(32 are a period in which both the first 
and second switching elements Qi, O2 are prevented 
from being turned on at the same time, so that series- 
connected circuit of the first and second capacitors C^, 
C2 is prevented from being short-circuited. The off- 
times Toffsi. Toif32 "Ttay be of a minimum required period 
in view of delay times of the first and second switching 
elements Qi , Q2 upon switching thereof. 
[0051] In FIG. 10, ^/gs{Q^l Vg^tOg) represent gate 
drive voltages of the first and second switching ele- 
ments Qi , Q2, respectively 

[0052] It can be seen from FIG. 1 0 that the first and 
second switching elements Qi , Q2 are controlled by the 
control circuit 18 such that when one of the first and sec- 
ond switching elements , O2 is turned on, the other is 
turned off, and vice versa except for the short off -times 
Tof(3i, Tof(32. and that the ratio of the on-time of one of 
the first and second switching elements , Q2 to the 
operating period T31, i.e., the duty cycle, is varied to 
produce a constant output voltage Vout- 
[0053] In FIG. 10. KL-,) represents a current flowing 
through the first choke coil L^, l(Ni) and V(Ni) represent 
a current flowing through and a voltage developed 
across the primary winding of the transformer T, 
respectively. I(Q-,) and l{Q2) represent currents flowing 
through the first and second switching elements Qi , Q2, 
respectively. VdsCQs). Vd8(Q4) represent drain-to-source 
voltages of the first and second synchronous rectifying 
transistors Q3, Q4, respectively. V(R) represents a volt- 
age at the junction (point R in FIG. 5) between the first 
and second secondary windings Ng. Nb of the trans- 
former X and 1(1-2) represents a current flowing through 
the second choke coil L2. 

[0054] Prior to describing the waveforms of voltages 
and currents shown in FIG. 10, operation in the steady 
state of the switching power supply shown in FIG. 5 will 
be described below with reference to FIGs. 12a, 12b. 
and 12c. 

[0055] Operation of tiie switching power supply shown 
in FIG. 5 may be considered as a combination of opera- 
tion of the circuits shown in FIGs. 12a, 12b. In the 
switching power supply shown in FIG. 5, the second 
swKching element Q2 is turned off in tfie on-time of the 
first switching element Qi, and turned on in the off-time 
of the first switching element Qi . Therefore, the second 
switching element Q2 operates in the same manner as 
a commutating diode D21 in a booster chopper circuit 



shown in FIG. 12c. Therefore, the circuit shown in FIG. 
12a may be replaced with the circuit shown in FIG. 12c, 
and hence nriay be regarded as a booster chopper cir- 
cuit 

5 [0056] Since the series-connected circuit of the first 
and second capacitors Ci, C2 shown in FIG. 12b is 
charged to the single polarity as described above with 
reference to FIG, 7. it is possible for the first and second 
capacitors Ci . C2 to maintain a certain DC voltage if the 

10 first and second capacitors Ci, C2 have a sufficierrtly 
large capacitance. Consequently, the series-connected 
circuit of the first and second switching elements Qi , Q2 
may be considered as a half -bridge circuit with the 
series-connected circuit of the first and second capaci- 

15 tors Ci, C2 serving as its input power supply. 

[0057] The operation of the switching power supply 
shown in FIG. 5.may be considered as a combination of 
the operation of the booster chopper circuit shown in 
FIG. 12a in wNch the input power supply Vjn supplies 

20 electric energy to the series-connected circuit of the first 
and secorxJ capacitors Ci, C2 and the operation of the 
half-bridge circuit shown in FIG. 12b in which the series- 
connected circuit of the first and second capacitors C^ , 
C2 supplies electric energy to tiie load 1 7 (a quantitative 

25 analysis of the above operation will be described later 
on). 

[0058] The first and second capacitors Ci , C2 operate 
with a certain DC voltage because of the .operation of 
the booster chopper drcuit shown in FIG. 12a. In the 
30 half -bridge circuit shown in FIG. 1 2b, the ratio of the on- 
time of one of the first swvitching element Q-j to tiie oper- 
ating period T31 is varied. 

[0059] The waveforms of voltages arxj currents shewn 
in FIG. 10 will be described in detail below. 
35 [0060] In the on-time Tqnsi of the first switching ele- 
ment Qi. the current l(Li) flows from the input power 
supply Vjn through the first choke coil Li to the first 
switching element Qi. At this time, the current l(Li) 
flows along the path indicated by J 1 in FIG. 6. and has a 
40 waveform those gradient is irKlicated by V^/La where 
represents tiie voltage of the input power supply Vjp and 
La represents the inductance of the first choke coil Li. 
[0061] When the first capacitor C-i is discharged, the 
current l(Ni) flows from the positive-voltage terminal of 
45 the first capacitor Ci through the primary winding Ni of 
the transformer T and the first switching element Qi 
back to the negative-voltage terminal (grourKi terminal) 
of the first capacitor Ci, along the path indicated by J4 
in FIG. 9. When tiie current l(Ni) flows through the prl- 
50 mary winding Ni, it induces a voltage across the second 
secondary winding Nb. turning on the second synchro- 
nous rectifying transistor Q4. A voltage is then induced 
aaoss tiie first secondary winding N^, causing a cun-ent 
to flow along a path indicated by Jg in FIG. 9. The cur- 
es rent supplies electric energy to the load 1 7. and charges 
the output capacitor Cqu,. It is assumed that at tfiis time 
the current flows through the primary winding Ni in a 
positive direction. 
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[0062] The current flowing through the prinnary wind- 
ing Ni is equal to the sum of a current converted from 
the current flowing through the second choke current L2 
with the turns ratio of the transformer T and an magnet- 
izing current of the transformer T. 
[0063] As described above, the cun-ent which is equal 
to the sum of the current flowing through the first choke 
coil Li along the path indicated by J 1 in FIG. 6 and the 
current flowing through the primary winding N, along 
the path.indicated by J4 in FIG. 9 f tows through the first 
switching element Qi. This current has a waveform 
l(Qi) as shown in FIG. 10. 

[0064] In the on-time T0N32 which the first switching 
element Qi is turned off and the second switching ele- 
ment Q2 is turned on, the current I (L^) flows through the 
first choke coil Li. Ttie current l(Li) is generated by an 
electromotive force induced across the first choke coil 
Li, arxi flows from the positive-voltage terminal of the 
first choke coil through the second swntching element 
Q2, the second capacitor C2, the first capacitor , and 
the input power supply Vjn back to the negative-voltage 
terminal of the first choke coil Li , along the path indi- 
cated by J2 in FIG. 7. charging the series-connected cir- 
cuit of the first and second capacitors Ci. Ca- This 
current corresponds to the current flowing through the 
first choke coil Li and the diode D21 with the first switch- 
ing element Qi being turned off, in the booster chopper 
circuit shown in FIG. 12c. 

[0065] The current has a waveform whose gradient is 
indicated by (V - V b)/l-a where Va represents the volt- 
age of the input power supply Vjn, La represerrts the 
inductance of the first choke coil Li, and V^, represents 
the voltage across the series-connected circuit of the 
first and second capadtors Ci. C2. 
[0066] In the on-time T0N32 second switching 
element Q2, the second capacitor C2 is discharged, 
causing the current l(Ni} to flow through the primary 
winding Ni of the transformer T, along the path indi- 
cated by J3 in FIG. 8. This current f tows from the posi- 
tive-voltage terminal of the second capacitor C2 through 
the second switching element Q2 and the primary wind- 
ing Ni t>ack to the negative-voltage terminal of the sec- 
ond capacitor C2- 

[0067] At this time, the current flowing through the pri- 
mary wirxling Ni is equal to the sum of a current con- 
verted from the current flowing through the second 
choke current L2 with the turns ratio of the transformer T 
and an magnetising current of the transformer T. 
[0068] Since the current flows through the primary 
winding Ni along the path indicated by J3 in FIG. 8, a 
positive voltage is applied to the gate terminal of the first 
synchronous rectifying transistor Q3 by an electromotive 
force induced across the first secondary winding N^, 
thus turning on the first synchronous rectifying transis- 
tor Q3. 

[0069] As a result, due to the electromotive force 
developed across the second secondary winding N^. a 
current flows along a path indicated by J5 in FIG. 8, sup- 



plying electric energy to the load 1 7 and charging the 
output capacitor Cout- 

[0070] In the on-time T0N32 of the second switching 
element Q2. the electronrtotive force developed across 

5 the first choke coil Li causes a current to flow through 
the second switching element Q2 in the direction to 
charge the first and second capacitors Ci, C2 along the 
path indicated by J2 in FIG. 7. 
[0071] Therefore, in the on-time T0N32 of the second 

w switching element Q2, the current flows from the drain 
terminal to the source terminal of the second sv/itching 
element Q2 along the path indicated by J3 in RQ. 8 
because of the discharging of the second capacitor C2. 
and the current flows from the source terminal to the 

15 drain terminal of the second switching element Q2 atong 
the path indicated by J2 in FIG. 7 because of the elec- 
tromotive force developed across the first choke coil Li. 
[0072] As a consequence, a current which is the dif- 
ference between the current l(Li) flowing through the 

20 first choke coi| Li and the current l(Ni) f towing through 
the primary winding Ni of the transformer T flows 
through the second switching element Q2. This currerrt 
has a waveform indicated by l(Q2) in FIG. 10. 
[0073] In FIG. 10. V(Ni) represents a voltage devel- 

25 oped across the primary winding Ni of the transformer 
T This voltagiB in the on-time Tqnsi corresponds to the 
voltage across the first capacitor Ci because the first 
switching element Qi is turned on, and in the on-time 
ToN32 con-esponds to the voltage across the second 

30 capacitor C2 because the second switching element Q2 
Is turned on. 

[0074] In FIG. 10, VasiO^- Vds(Q4) represent respec- 
tively, drain-to-source voltages of the first and second 
synchronous rectifying transistors Q3. Q4 in FIG. 5. 
35 These drain-to-source voltages serve as respective 
gate drive voltages of the second and first synchronous 
rectifying transistors Q4. Q3. 

[0075] In FIG. 10, .V(R) represents a voltage at the 
point R in FIG. 5 between the first and second second- 
40 ary windings Nq, N^, of the transformer T, and rep- 
resents a current flowing through the second choke cdl 
L2. 

[0076] The drain-to-source voltages V(te(Q3). V(te(Q4) 
are voltages converted from the voltage V(Ni) across 

45 the primary winding Ni respectively in the on-times 
ToN3i. Toisi32 with the turns ratio between the primary 
wirxling Ni and the first secondary wrinding (or the 
second secondary winding Nb). The voltage V(R) at the 
point R is equal to the sum of the drain-to-source volt- 

50 ages VdsCQg), y^{Q^. 

[0077] Of the voltage V(R), Vout represents the output 
voltage between the output terminals 16a. 1 6b- volt- 
age V(R) at the point R arxi the output voltage are 
applied across the second choke coil L2, causing a rip- 

55 pie current l(L2) to flow through the second choke coil 
1-2. A ripple voltage whose value is substantially deter- 
mined by the product of the ripple currerrt \(L^ and an 
equivalent series resistance of the output capacitor Cout 
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is generated in the output voltage. 
[0078] As can be seen from the above description, 
according to the first embodiment shown in FIG. 5, 
either one of the drain-to-s6urce voltages ^daiOz), 
Vds(Q4) of the first and second synchronous rectifying s 
transistors Q3, Q4 is generated at all times except for 
the short off-times Tq^i, Totf32- 
[0079] Therefore, when a vottage is induced across 
the first secondary winding Ng or the second secondary 
winding Nb, applying a higher voltage to the source ter- 10 
minal of the second synchronous rectifying transistor Q4 
or the second synchronous rectifying transistor Q3 than 
to the drain terminal thereof, a positive voltage is 
applied to the gate terminal of the synchronous rectify- 
ing transistor, turning on the synchronous rectifying is 
transistor. Therefore, the synchronous rectifying transis- 
tor is prevented from being turned off. preventing a cur- 
rent from flowing from the source terminal to the drain 
terminal thereof through the internal parasitic diode, so 
that no large loss will be caused. The swItcNng power 20 
supply according to the present invention is therefore 
free of "the problem of a large loss because of a long 
period of time in which the synchronous rectifying tran- 
sistor could not be energized." 

[0080] As can be understood from the waveforms of 25 
the drain-to-source voltages V^feCQs). Vds(Q4). since the 
voltages applied to the first and second synchronous 
rectifying transistors Q3, Q4 are of rectangular wave- 
forms, these voltages are prevented from being unduly 
increased whereas they posed a problem in the conven- 30 
tional circuit an-angement because they are of a reso- 
nating waveform. The switching power sipply according 
to the present invention may thus employ synchronous 
rectifying transistors having a low dielectric strength and 
a low on-state resistance. ss 
[0081 1 An output voltage of the switching power sup- 
ply shown In FIG. 5 with respect to a duty cycle (the ratio 
of ttie on-time to the operating period of the switching 
element Q-i) thereof will be described with reference to 
Fiail. 40 
[0082] It is assumed that the voltage of tiie irput 
power supply is represented by Vq, tiie duty cycles 
of the respective first and second switching elements 
Qi. O2 are represented by D, 1 -D, respectively, the volt- 
ages across the first and second capacitors C-i . C2 are 4S 
represented by V(CO. V(C2). respectively, tiie turns 
ratio between the primary winding Ni and the first sec- 
ondary wirtding Na (or the second secondary winding 
Nb) is represented by n : 1 , the drain-to-source voltages 
of the first and second syrrchronous rectifying transis- so 
tors Q3, Q4 are represented by ^dJPzi' ^dsi^A)' 
respectively, and the output voltage between the output 
terminals 16a, 's represented by Vqui- From the cir- 
cuit arrangement of the booster chopper circuit shown 
In FIG. 12a, tiie following equation (1) is satisfied (it is ss 
also assumed that, in the following nurherical analysis, 
voltage drops developed across the first and second 
switching elements Qi , Q2 and the first and second syn- 
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chronous rectifying transistors Q3, Q4 when they are 
rendered conductive are negligibly small, and the off- 
times Toff3i, Tofl32 in which both the first and second 
switching elements , Q2 are turned off are also negli- 
gibly small): 

V(C,) + V(C2) = V^/(1-D) (1) 

[0083] With respect to the operation of the core (mag- 
netic material) of the ft-ansformer T, tiie quantity by 
which the core is excited in the on-time of ttie first 
switching element Qi is equal to the quantity by which 
the core is reset in the on -time of the second switching 
element Q2. Therefore, the following equation (2) i& sat- 
isfied: 

V(Ci)xD = V(C2)x(1-D) (2) 

[0084] From the equations (1), (2), the following equa- 
tions (3), (4) are derived: 

V(Ci) = V3 (3) 

V(C2) = VaxD/(1-D) (4) 

[0085] Since the drain-to-source voltages of the first 
and second synchronous rectifying transistors Q3, Q4, 
at the time they are turned off are voltages converted 
from the voltages across the first and second capacitors 
C^, C2 with the turns ratio of the transfbrmer T, the fol- 
lowing equations (5). (6) are satisfied: 

Vcb(Q3) = V(Ci)/n = V3/n (5) 

VdJQ4) = V(C2)/n-VaxD/{(l-D)xn} (6) 

The output vottage between the output terminals 16a. 
1 6b is of a value produced by averaging the voltage at 
the point R with the output filter, and ttie voltage at ttie 
point R is equal to the sum of the drain-to-source volt- 
ages VdsCQs), Vds(Q4) of ttie first and second synchro- 
nous rectifying ti'ansistors Q3, Q4. Therefore, if ttie 
switching period is represented by Tq, tiien the following 
equation (7) Is satisfied: 
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■ 0 

Vcut=f JV(R)dt 



(7) 



0 



J V^(Q3)dt+ J V^(Q4)dt 

0 D.To 



= DxV^(Q3) + (1-D)xV^(Q4) 



: 2 X Va X D/n 



[0086] From the equation (7), i1 can be seen that the 
output voltage Vout of the switching power supply shown 
in FIG. 5 is proportional to the duty cycle D of the switch- 
ing element Q^, as shown in FIG. 1 1 . 
[0087] Since the output voltage Vqui is proportional to 
the duty cycle D of the switching element Q^, as shown 
in FIG. 11, it is possible to set the duty cycle D to 0.5 
provided the input and output conditions are rated con- 
ditions. At this time, both the drain-to-source voltages 
VdsCQs). Vds(Q4) of the first and second synchronous 
rectifying transistors Q3, Q4 are represented by V^/n as 
can be understood from the equations (5), (6). Inas- 
much as the drain-to-source voltages Vds(Q3). Vds(Q4) 
are variat>le at>out the value V^/n while keeping the rec- 
tangular waveform even when the input and output con- 
ditions are varied, the first and second synchronous 
rectifying transistors Q3. Q4 are not required to be of 
large dielectric strength and large on-state resistance 
unlike those of the conventional switching power supply. 
[0088] The fact that the drain-to-source voltages 
Vds(Q3)' Vds(Q4) are equal to each other (actually, they 
are slightly different from each other as the numbers of 
turns of the transformer T are integers) means that any 
changes in the voltage V{R) at the point R are very 
small. Because the voltage In the on-time Tqisisi and the 
voltage in the on-time T0N32 equal to each other or 
differerrt from each other very slightly, the second choke 
coil L2 may be small, and any power loss caused by the 
second choke coil L2 may be small, so that the switching 
power supply may be highly efficient. Actually, the out- 
put filter is designed taking into account variations in the 
input and output conditions, but the second choke coil 
Lg may still be small. 

[0089] The above analytical results have experimen- 
tally been verified. 

[0090] In FIG. 10, l(Ni) represents a cunreni flowing 
through the primary winding of the transformer T. 
Since the transformer T has a leakage inductance, the 
off-times Tom^ • ^offsi which both the first and second 
switching elements Qi, Q2 are turned off may be 
adjusted appropriately such that after one of the first 



and second switching elements Q^. is turned off and 
before the other of the first and second switching ele- 
ments Qi, Q2 is turned on. a current due to the leakage 
inductance discharges the parasitic capacitor between 

5 the drain an6 source of the other switching element. As 
a result, the switching power supply can operate as a 
ZVS (Zero Voltage Switching) power supply. 
[0091 1 Since the energy stored in the parasitic capac- 
itor between the drain and source of the other switching 

10 element can be recovered, the efficiency of the switch- 
ing power supply is increased. 

[0092] As described above, with the switching power 
supply shown in FIG. 5, either one of the first and sec- 
ond synchronous rectifying transistors Q3 Q4 is ener- 

15 gized at all times except for the short off-times Tott3^' 
Toff32. i.e., the synchronous rectifying transistor through 
which the current flowing through the secortd choke coil 
L2 flows is energized, and their applied drain-to-source 
voltage is low. Therefore, the first and second synchro- 

20 nous rectifying transistors Q3, Q4 may be of small die- 
lectric strength arxJ small on-state resistance, and at the 
same time the output filter may be small and any power 
loss caused by the output filter may be small. 
[0093] As a consequence, the switching power supply 

25 is highly efficient in operation. 

[0094] In the switching power supply according to the 
second embodiment shown in FIG. 5, each of the first 
and second switching elements Qt. Q2 comprises an n- 
channel I^OSFET However, one or both of the first and 

30 second switching elements Qi , Q2 may comprise a p- 
channel MOSFET 

[0095] Furthermore, each of the first and second 
switching elements Qf, Q2 is not limited to a IMOSFET, 
but may connprise an IGBT. 

35 [0096] In the switching power supply shown in FIG. 5, 
since tfte first and second switching elements Qi, Q2 
are symmetrically positioned, the series-connected cir- 
cuit of the input power supply Vjp and the first choke coil 
L-i may be connected between the drain and source of 

40 the second switching element Q2 rather than between 
the drain and source of the first switching element Q-i. 
The switching power supply thus modified operates in 
the same manner as described above except that the 
first and second switching elements Q^, Q2 are 

45 switched around. 

[0097] In the switching power supply shown in FIG. 5, 
the full-wave rectifier circuit comprising two rectifiers is 
connected to the secondary windings N^. of the 
transformer T. However, a half -wave rectifier circuit with 

50 one of the two rectifiers used as a freewheeling rectifier 
may be connected to the secondary windings N^, of 
the transformer T, or a full-wave rectifier circuit compris- 
ing a bridge of four rectifiers may be connected to the 
secondary windings Na, N5 of the transformer T. 

55 [0098] A process of driving the first and second syn- 
chronous rectifying transistors Q3. Q4 in the switching 
power supply shown in FIG. 5 wit! be described below. 
[0099] The gate terminal of each of the first and sec- 
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ond synchronous rectifying transistors Q3. Q4 in the 
switching power supply shown in FIG. 5 is turned on by 
the drain-to-source voKage of the other first and second 
synchronous rectifying transistors Q3, Q4. However, the 
gate terminal of each of the first and second synchro- 
nous rectifying transistors Q3, Q4 may be turned on by a 
voltage obtained from the windings of the transformer T. 
[01 GO] Another process of driving the first and second 
synchronous rectifying transistors Q3, Q4 is shown in 
FIG. 13. A switching power supply shown in FIG. 13 
operates in a manner equivalent to the switching power 
supply shewn in FIG. 5. 

[01 01 ] In the switching power supply according to the 
second embodiment shown in FIG. 14, the source ter- 
minal of a second switching element Q52 is connected 
to the drain terminal of the first switching element 
and the first and second switching element Qi, Q52 are 
connected in series with each other, thus jointly making 
up a series-connected circuit 44. A second capacitor 
C52 is connected parallel to the series-connected circuit 
44, jointly making up a parallel-connected circuit 45. 
[0102] The switching power supply shown in FIG. 14 
is equivalent to the switching power supply shown in 
FIG. 5, and operates in the same manner as the switch- 
ing power supply shown in FIG. 5. The switching power 
supply shown in FIG. 14 is equivalent to the switching 
power supply shown in FIG. 5 for the reasons which vwll 
be described below with reference to FIGs. 15a and 
15b. 

[0103] FIGs. 15a and 15b show half-bridge circuits 
which correspond to the switching power supplies 
according to the first and second embodiments, respec- 
tively. In FIG. 15a, the second switching element Q2 and 
the second capacitor C2 are connected in series with 
each other. In FIG. 15b, the second switching element 
Q52 arKJ the second capacitor 053 are connected in 
series with each other. If the capacitor C52 shown in 
FIG. 15b has a capacitance equivalent to the combined 
capacitance of the series-connected capacitors C-t , Cg, 
then the capacitor C52 shown in FIG. 15b may be 
replaced with a capacitor C100 shown in FIG. 15b wrtiich 
has the same capacitance as the capacitance of the 
capacitor C2. 

(01 04] TTierefore, the switching power supply shown in 
FIG. 14 offers the same advantages as those of the 
switching power supply according to the second embod- 
iment shown in FIG. 5. 

[0105] FIG. 16 shows a switching power supply 
according to a third embodiment of the present inven- 
tion. In the switching power supply shown in FIG. 16, the 
first choke coil has a terminal connected to the input 
terminal 2a which is connected to the positive-voltage 
terminal of the input power supply Vjn. The other termi- 
nal of the first choke coil L-j is connected to a terminal of 
the primary winding Ni of a transformer T The other ter- 
minal of the primary wirKiing is connected by the first 
capacitor to the input terminal 2t, which is kept at 
ground potential. 



[0106] The primary winding and the first capacitor 
Ci jointly make up a series-connected circuit 47. The 
first switching element Qi which comprises an n-chan- 
nel MOSFET is connected parallel to the series-con- 

5 nected circuit 47. The first switching element Q-t has a 
source terminal connected to ground and a drain termi- 
nal connected to the junction between the first choke 
coil Li and the primary winding N^. 
[0107] The parts connected to the first and second 

10 secondary windings Na, Nb of the transformer T are 
identical to those of the switching power supply accord- 
ing to the first embodiment. The first and second sec- 
ondary windings Na, Nb are magnetically coupled to the 
primary winding of the transformer T. The switching 

15 power supply shown in FIG. 16 additionaily has a terti- 
ary winding N3 magnetically coupled to the prinr^ary 
winding Ni and the first and second secondary wind- 
ings Na, Ntj. 

[0108] The tertiary winding N3 has a terminal con- 
20 nected by a second capacitor C62 to the drain terminal 
of a second switching element Q62 which comprises an 
n-channel MOSFET. The other terminal of the tertiary 
winding N3 is connected to the source terminal of the 
second switching element Q62- 
25 [01 09} The tertiary winding N3 and the second capac- 
itor C62 jointly make up a series-connected circuit 48. 
The second switching element Q62 is connected parallel 
to the series-connected circuit 48. 
[01 1 0] The terminal of the tertiary winding N3 which is 
30 connected to the second switching element Q62 is of the 
same polarity as that of the terminal of the primary 
winding N^ which is connected to the drain terminal of 
the first switching element Qi. 

[01 1 1 ] Operation of the switching power supply shown 
35 in FIG. 16 will be described below. After a voltage from 
the input power supply Vjn is applied between the input 
terminals 2a, 2^, when the first switching element Qi is 
turned on with the second switching element 0^2 being 
turned off, electric energy is supplied from the input 
40 power supply Vjn, causing a current to f tow through the 
first choke coil to the first switching element Qi along 
a path indicated by Ji i in FIG. 1 7. 
[0112] When the first switching element Qi is then 
turned off, a current flows along a path indicated by J 12 
45 in FIG. 18 due to an electromotive force developed 
across the first choke coil Li . 

[01 13] The current starts to flow from the terminal of 
the first choke coil where a positive voltage is 
induced, and ftows through the primary winding N^, 

50 thereby inducing voltages across the respective first 
and second secondary windings Na, Nj,. The cunrent 
ftowing through the prinnary winding Ni flows into the 
first capacitor C^, thus charging first capacitor Ci. The 
current thus passes through the input power supply V^n. 

55 and ftows back to the terminal of the first choke coil 
where a negative voltage is induced. 
[01 14] After the current has started to f tow along the 
path indicated by Ji2 >n FIG. 18 (at this time, the first 
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switching element has changed from the on-state to 
the off-state), when the second switching element 
is turned on. a current flows from the source terminal to 
drain terminal of the second switching element 
along a path indicated by J14 in FIG. 18 due to an elec- 5 
tromotive force developed across the tertiary winding 
N3. charging the second capacitor Cgg- 
[0115] The first and second capacrtors C^, Cgg are 
thus charged when the first and second switching ele- 
ment Qi , Q62 are alternately rendered conductive. 10 
[01 1 6] The state in which the first and second capac- 
itors Ci. Cq2 are charged is referred to as a steady 
state. When the second switching element is ren- 
dered conductive with the second capacitor Ce2 being 
charged, a current flows along a path indicated by J-ts in is 
FIG. 18 due to the discharging of the second capadtor 
C62 at the same time that the current flows along the 
path Indicated by J14. The current flowing along the path 
indicated by J15 is opposite in direction to the current 
flowing along the path indicated by J 14, and these cur- 20 
rent cancel out each other. 

[01.17] At this time, voltages are induced respective 
across the first arxi second secondary windings N^, N^, 
by the cunent flowing through the primary winding N^. 
The induced voltages are of such polarity that the sec- 25 
ond synchronous rectifying transistor Q4 is turned on, 
and a current flows from the terminal of the first second- 
ary windings Na where a positive voltage is induced, 
through the second choke coil L2, the output capacitor 
^out {or the load), the source terminal of the second so 
synchronous rectifying transistor Q4, and the drain ter- 
minal thereof, to the terminal of the first secondary 
wirKfings where a negative voltage is induced, along 
a path indicated by J13 in FIG. 1 8. 

[0118] When the second switching element Q62 is 3S 
turned off and the first switching element is turned 
on, a current is su()plied from the input power supply Vjn 
along the path indicated by In FIG. 17, and the first 
capacitor is discharged along a path indicated by Jie 
in FIG. 19. 40 
[01 1 9] Because of the discharging of the first capaci- 
tor Ci, a current flows through the primary winding Ni, 
turning on the first synchronous rectifying transistor Q3, 
and a current flows along a path indicated by J^y in FIG. 
19. 45 
[0120] When the first and second switching elements 
Qi , Qq2 are thus alternately rendered corxJuctive, the 
first and second synchronous rectifying transistors Q3. 
Q4 are also alternately rendered conductive, supplying 
electric energy to the output capacitor Cout and the load, so 
While voltages are being induced across the first and 
second secondary windings Ng, Nb, the first synchro- 
nous rectifying transistor Q3 or the second synchronous 
rectifying transistor Q4 is renda-ed conductive, with no 
current f bwing through the internal parasitic diode. This 55 
operation is the same as the operation of the switching 
power supplies according to the first and second 
embodiments. 



[01 21 ] In the switching power supply according to the 
third emtxxliment shown in FIG. 16, voltages can be 
converted from the secondary side to the primary side 
of the transformer T with the turns ratio of the trans- 
former T. The switching power supply according to the 
third embodiment has an equivalent circuit which is the 
same as the equivalent circuit of the switching power 
supply according to the first embodiment shown in FIG. 
5. The switching power supply according to the third 
embodiment shown in FIG. 16 offers the same advan- 
tages as those of the switching power supply according 
to the first embodiment shown In FIG. 5. 
[01 22] According to the present invention, either one 
of the first and second synchronous rectifying transis- 
tors Q3. Q4 is energized at all times except for the short 
off-times Tom^^ Toffsg. Therefore, the first and second 
synchronous rectifying transistors Q3, Q4 may be of 
small dielectric strength and small on-state resistance, 
and at the same time the output filter may be small. 
Consequently, the switching power supply nrtay be 
highly efficient in operation. 

[0123] It Is thus possible according to the present 
Invention to make a highly efficient switching power supH 
ply with a low-voltage (e.g., 5 V or 3.3 V), high-current 
output capability for use in the field of communications 
or the like. 

[01 24] Although certain preferred embodiments of the 
present invention have t>een shown and described in 
detail, it should be understood that various changes and 
rr^ifications may be made therein witfiout departing 
from the scope of the appended dalms. 

Claims 

1 . A power supply circuit comprising: 

first and second choke coils: 
first arKf second capacitors; 
first and second switching elements each com- 
prising a MOSFET; 

first and second synchronous rectifying transis- 
tors each comprising a MOSFET; 
a transformer having a primary winding and 
first and secorxf secorxJary wirxfings which are 
magnetically coupled to said primary winding; 
said first and second switching elements being 
connected in series with each other at a junc- 
tion, jointly making up a series-connected dr- 
cult, said primary wirxJing arxJ said first choke 
coll having respective terminals connected to 
said junction between the first arxJ secorxl 
switching elements; 

said first and second capacitors being con- 
nected in series vnth each other at a junction, 
jointly making up a series-connected drcuit, 
said primary winding having another terminal 
connected to said junction between the first 
and second capacitors; 
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said series-connected circuit of tlie first and 
second switching elements and said series- 
connected circuit of the first artd secorxJ capac- 
itors being connected parallel to each other, 
jointly making up a pa rail el -connected circuit; 5 
and 

a power supply for applying a voltage between 
a terminal of said parallel-connected circuit and 
another terminal of said first choke coil; 
the arrangement being such that when said 10 
first and second switching elements are alter- 
nately turned on, an alternating current flows 
through said primary winding to induce alter- 
nating-current voltages respectively across 
said first and second secondary windings for is 
thereby alternately turning on said first and 
second synchronous rectifying transistors to 
cause a current to flow alternatively through 
said first and second secondary windings for 
- supplying a current to said second choke coil. 20 

2. A power supply circuit comprising: 

first and second choke coils; 
first and second capacitors; 25 
first and second switching elements each com- 
prising a MOSFET; 

first arrd second synchronous rectifying transis- 
tors each comprising a MOSFET; 
a transformer having a primary winding and so 
first and second secondary windings which are 
magnetically coupled to said primary winding; 
said first and second switching elements being 
connected in series with each other at a junc- 
tion, jointly making up a series-connected dr- 35 
cuit, said prinnary winding and said first choke 
coi) having respective terminals connected to 
said junction between the first and second 
switching elements; 

said second capacitor being connected parallel 40 
to said series-connected circuit of the first and 
second switching elements, jointly nnaking up a 
-parallel-connected circuit; 
said parallel-connected circuit having a termi- 
nal connected by said first capacitor to another 4S 
terminal of said primary winding; and 
a power supply for applying a voltage between 
a junction between said parallel-connected cir- 
cuit and said first capacitor, and another termi- 
nal of said first choke coil; so 
the an-angement being such that when said 
first and second swrtcNng elements are alter- 
nately turned on, an alternating cun-ent flows 
through said primary winding to induce alter- 
nating-current voltages respectively across ss 
said first and second secondary windings for 
thereby alternately turning on said first and 
second synchronous rectifying transistors to 



cause a current to flow alternatively through 
said first and second secondary windings for 
supptying a current to said second choke coil. 

3. A power supply circuit comprising: 

first and second choke coils; 
first and second capacitors; 
first and second switching elements each com- 
prising a MOSFET; 

first and second synchronous rectifying transis- 
tors each comprising a MOSFET; 
a transformer having a primary winding, first 
and second secondary windings which are 
magnetically coupled to said primary winding, 
and a tertiary winding which is magnetically 
coupled to said primary winding and said first 
and second secondary windings; 
said primary winding and said first capacitor 
being connected in series with each other, 
jointly making up a series-connected circuit, 
said first switching element being connected 
parallel to said series-connected circuit of the 
primary winding and the first capacitor, jointly 
making up a parallel ^nnected circuit; 
said parallel-connected circuit having a termi- 
nal connected to a terminal of said first choke 
coil; and 

a power supply for applying a voltage between 
another terminal of said parallel -connected cir- 
cuit and another terminal of said first choke 
coil; 

said tertiary winding and said second capacitor 
being connected in series with each other, 
jointly making up a series-connected circuit, 
said second switching element being con- 
nected parallel to said series-connected circuit 
of the tertiary winding and the second capaci- 
tor; 

the arrangement being such that when said 
first and second switching elements are alter- 
nately turned on, an alternating current flows 
through said primary winding to induce alter- 
nating-cun-ent voltages respectively across 
said first and secorxl secondary windings for 
thereby alternately turning on said first and 
second synchronous rectifying transistors to 
cause a current to flow alternatively through 
said first and second secondary windings for 
supplying a current to said second choke coil. 

4. A power supply circuit according to any one of 
claims 1 through 3. wherein said first and second 
secondary windings have respective terminals con- 
nected to each other at a junction, said second 
choke coil having a terminal connected to said junc- 
tion between said first and second secondary wind- 
ings, and wherein said first and second secondary 
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windings have respective other terminals con- 
nected to each other by said first or second syn- , 
chronous rectifying transistor at a junction, with an 
outpLft voltage being extracted between the jur^rtion 
between the other terminals of the first and second 5 
secondary windings and another terminal of said 
second choke coil, the arrangement being such that 
a voltage at the other terminal of the second sec- 
ondary winding is applied to a gate terminal of one 
of said first and secorxJ synchronous rectifying tran- w 
sistors which is connected to said first secondary 
winding, and a voltage at the other terminal of the 
first secondary winding is applied to a gate terminal 
of one of said first and second synchronous rectify- 
ing transistors which is connected to said second is 
secondary winding. 

5. A power supply circuit according to daim 4, wherein 
either one of said first and second switching ele- 
ments is turned on for an on-time except for a rela- 20 
tively short off-time in which both of said first and 
second switching elements are prevented from 
being turned on at the same time, said on-time 
being variable to keep constant the output voltage 
extracted from said second choke coil. 25 

6. A power supply circuit according to claim 5, further 
comprising an output capacitor for smoothing said 
output voltage. 

30 
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